Abstract. The present study aimed to describe the characteristics of cystic pancreatic tumors using computed tomography (CT) and to evaluate the diagnostic accuracy (DA) of post-imaging three-dimensional (3D) reconstruction. Clinical and imaging data, including multi-slice spiral CT scans, enhanced scans and multi-faceted reconstruction, from 30 patients with pathologically confirmed cystic pancreatic tumors diagnosed at the Linyi People's Hospital between August 2008 and June 2014 were retrospectively analyzed. Following the injection of Ultravist ® 300 contrast agent, arterial, portal venous and parenchymal phase scans were obtained at 28, 60 and 150 sec, respectively, and 3D reconstructions of the CT images were generated. The average age of the patients was 38.4 years (range, 16-77 years), and the cohort included 5 males and 25 females (ratio, 1:5). The patients included 8 cases of mucinous cystadenoma (DA), 80%]; 9 cases of cystadenocarcinoma (DA, 84%); 6 cases of serous cystadenoma (DA, 100%); 3 cases of solid pseudopapillary tumor (DA, 100%); and 4 cases of intraductal papillary mucinous neoplasm (DA, 100%). 3D reconstructions of CT images were generated and, in the 4 cases of intraductal papillary mucinous neoplasm, the tumor was connected to the main pancreatic duct and multiple mural nodules were detected in one of these cases. The DA of the 3D-reconstructed images of cystic pancreatic tumors was 89.3%. The 64-slice spiral CT and 3D-reconstructed CT images facilitated the visualization of cystic pancreatic tumor characteristics, in particular the connections between the tumor and the main pancreatic duct. In conclusion, the 3D reconstruction of multi-slice CT data may provide an important source of information for the surgical team, in combination with the available clinical data.
Introduction
Cystic tumors of the pancreas account for 5-15% of pancreatic cystic lesions (1) and 5% of pancreatic tumors (2, 3) . Due to the development of imaging technology and an increase in health awareness, cystic pancreatic tumor screening rates have improved (4) . The treatment and prognosis of cystic pancreatic tumors with distinct origins is variable, and due to the lack of specific clinical symptoms and laboratory tests available for cystic pancreatic tumors, imaging is particularly important.
The spatial and density resolution of multi-slice computed tomography (CT) is high (5) . This technique has been used in fractures (6, 7) , lymph node metastasis of gastrointestinal cancer (8) , pre-operative evaluation of pancreatic cancer (9) , and pre-operative staging of esophageal cancer (10) . However, the literature on cystic pancreatic tumors is limited. Following image acquisition, multi-slice spiral CT data can be processed to generate multiplanar reformation and three-dimensional (3D)-reconstructed images. With minimum intensity projection (MinIP) and cured planar reformation (CPR), a bent duct can be transformed into a straight duct, facilitating improved visualization of the connection between the tumor and the pancreatic duct. Furthermore, maximum intensity projection (MIP) can help to visualize the relationship between tumor and adjacent vessels. Overall, 3D reconstruction techniques may provide an important source of information for the surgical team as they can aid the visualization of: Tumor location, size and shape; the pancreatic wall; cavity wall nodules; calcifications; the main pancreatic duct; the connections between the tumor and the pancreatic duct; and the associations between the tumor and the adjacent organs and blood vessels (11) . On the basis of these advantages, multi-slice CT may become the standard diagnostic method for cystic pancreatic tumors (12) .
In the present study, imaging and clinical data gathered from 30 patients with cystic pancreatic tumors were retrospectively analyzed. The value of 3D reconstructions of multi-slice spiral CT images for the diagnosis of cystic pancreatic tumors is also discussed.
presented in Table I . The present study was approved by the Ethics Committee of Linyi People's Hospital, in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants.
CT scan preparation. Following an 8-h fasting period, patients drank 600-800 ml warm water 30 min before checking in, plus 400-600 ml warm water immediately prior to lying on the CT bed, in order to fill up the stomach and the ileum.
CT data were acquired at 5-mm intervals from the top of the diaphragm to the bottom of the uncinate process using a LightSpeed ® Pro 64-slice CT scanner (GE Healthcare Life Sciences, Waukesha, WI, USA). A high-pressure syringe was used to inject a bolus of 80-100 ml Ultravist ® 300 contrast agent (Bayer AG, Leverkusen, Germany) into the cubital vein (injection speed, 2.5-3 ml/sec). Following injection of the contrast agent, arterial, portal venous and parenchymal phase scans were obtained at 28, 60 and 150 sec, respectively. 3D reconstruction was performed by constructing two-and three-dimensional images using the original thin-layer (0.625mm) volume data, which was subsequently used to assess pathological changes in the pancreatic duct. The average tumor diameter was calculated as the average of the maximum diameter of the tumor cross-section. The diagnostic accuracy (DA) of the 3D-reconstructed images of cystic pancreatic tumors was calculated as: Patients pathologically confirmed following operation/number of patients diagnosed using CT prior to operation x 100%.
Results
Imaging of mucinous cystadenoma. Among the 30 patients, there were 8 cases of mucinous cystadenoma (DA, 80%; Fig. 1) . Four of these cases demonstrated multiple cystic lesions, of which 2 cases demonstrated uniform wall and cyst spacing and the other 2 cases exhibited uneven wall and cyst spacing with mural nodules. The remaining 4 cases demonstrated a single cystic lesion with uniform thickness. All cysts were large (diameter, >2 cm) and of uneven density with CT values slightly higher than that of water. In 1 case, the cysts contained flocculent material. Following contrast-enhancement, the CT values for the density of the walls increased from 20 to 25 HU. No enhancement was detected in the cavity. No tumor invasion into the adjacent tissues or connection to the expanded main pancreatic duct were detected. Two cases with mural nodules were misdiagnosed as cystic adenocarcinoma prior to surgery.
Imaging of mucinous cystadenocarcinoma. The 30 patients in the present study included 9 cases of mucinous cystadenocarcinoma (DA, 84%; Fig. 2 ). Five cases demonstrated multiple sac-like cystic lesions with varying sizes, whereas a single cystic lesion was detected in the remaining 4 cases. In all 9 cases, the walls were thick and uneven, including 2 cases with mural nodules; 2 cases with blotchy walls, crude linear calcification, enhanced wall and wall nodules, significantly enhanced solid tissues (contrast-enhanced CT value was increased to 40-45 HU), and unclear wall boundaries; and 2 cases with dilated main pancreatic ducts, one of which exhibited an enlarged para-aortic lymph node. Two cases were misdiagnosed as mucinous cystadenoma as a result of unclear enhancement of the wall.
Imaging of serous cystadenoma. The study group included 6 cases of serous cystadenoma (DA, 100%; Fig. 3 ). Three cases exhibited multiple cystic lesions; 2 cases had honeycomb-like cysts; and 1 case had a single cystic lesion. Wall thickness and wall and cyst spacing were uniform in all 6 cases and no wall nodules were detected. Eggshell-like punctate calcifications were detected in 2 cases. The density of the cysts was consistent, with CT values similar to that of water. Following enhanced CT, the density of the walls and the capsule interval were mildly enhanced and the CT value increased to 12-16 HU, however there was no enhancement detected in the cavity. Furthermore, the main pancreatic duct was not dilated and there was no invasion into the adjacent tissues. 3D-reconstructed images demonstrated that the tumors were not connected to the main pancreatic duct (DA, 86.7%). 
Imaging of intraductal papillary mucinous tumors.
The remaining 4 patients had intraductal papillary mucinous tumors (DA, 100%; Figs. 5 and 6). In 2 cases, a single cystic lesion was detected, the walls were not thick, multiple low-density tissue nodules were present on the wall and the cysts were connected to the expanded main pancreatic duct. The other 2 cases demonstrated grape-like cysts, which were connected to the expanded main pancreatic duct. Contrast-enhanced CT images of the wall and the nodules demonstrated persistent enhancement.
Discussion
Although the incidence of cystic pancreatic tumors is low, these tumors are perceived as increasingly more important among clinicians. According to the World Health Organization (WHO), cystic pancreatic tumors are divided into three categories based on their biological behavior: Benign tumors, malignant tumors and precancerous lesions (13) . Cystic tumors of the pancreas are subsequently divided into serous cystadenoma, mucinous cystic neoplasms, solid pseudopapilloma and intraductal papillary mucinous tumors (13) (14) (15) (16) . The correct preoperative diagnosis of cystic pancreatic tumors determines their treatment and surgical management (17,18).
Mucinous cystadenoma, also known as large cystadenoma, is the most common type of cystic pancreatic tumor, accounting for ~40% of cystic pancreatic tumors and 2-3% of primary pancreatic tumors (19) . Mucinous cystadenoma occurs most frequently in middle-aged women, with 75% of these tumors occurring in the 40-60 age range, and anatomically, it occurs both in the body and tail of the pancreas (19) . As a precancerous lesion, mucinous cystadenoma often requires surgery. In the present study, 17 cases of mucinous cystic neoplasms were investigated, of which 8 cases were benign and 9 cases were malignant. The CT scans of the majority of the cases demonstrated large, round cystic lesions with a single vesicle diameter >2 cm. In certain cases, mural nodules were visible in the cavity; eggshell calcification in the wall was visible in 10-25% cases, which is a characteristic change of the disease (20) . When subjected to enhanced examination, the walls, mural nodules and intracapsular intervals were moderately enhanced. In general, the cysts were unevenly spaced, the capsules were thick with mural nodules, and the CT signals of the tissues were significantly enhanced.
Pancreatic duct obstruction may be associated with localized mucinous cystadenocarcinoma (4); however, the results of the present study suggested that the expansion of the pancreatic duct and the lesion do not appear to be associated. In the present study, 2 cases of mucinous cystadenoma were misdiagnosed as cystic adenocarcinoma due to the presence 
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of mural nodules and moderate enhancement on the CT. Furthermore, 2 cases of bladder cancer were misdiagnosed as mucinous cystadenoma due to slight enhancement of the wall. The CT scans of mucinous cystadenoma and cystadenocarcinoma were similar, indicating that there may be potential difficulties in differential diagnosis between these tumor types. Serous cystadenoma, also known as microcapsules or small cystic adenoma, is the second most common type of cystic pancreatic tumor, accounting for ~30% of cystic pancreatic tumors and 1-2% of primary pancreatic tumors (4). Serous cystadenoma tumors originate in the central acinar and tubular cells and are typically located in the pancreatic head (14) . They are most frequent in women aged ≥60 years (male:female ratio, 1:4) (14) . As serous cystadenomas are benign tumors which rarely undergo malignant transformation, surgery is only indicated for large tumors (14) . Among the 6 cases of serous cystadenoma evaluated in the present study, 4 cases occurred in women aged 60-70 years and were located in the pancreatic head, whereas 2 cases occurred in the pancreatic tail. The majority of cases exhibited multiple cystic lesions with a mean diameter of 5 cm (range, 1.4-27 cm) and pale lobulated edges, and multiple (>6) vesicles (diameter, 0.2-2 cm). Furthermore, ~33.3% of cases exhibited a honeycomb-like appearance; 20% of cases exhibited a single cystic lesion or cystic lesions >2 cm in diameter; and 30% of cases exhibited a central fibrous scar, with or without astral calcification, with slight enhancement of the wall and capsule and no association with dilatation of the pancreatic duct.
Comparison of the aforementioned observations for serous and mucinous cystadenoma indicates that mucinous cystadenoma typically occurs in younger patients (40-60 years old) and is located in the body and tail of the pancreas, with large vesicles (diameter, >2 cm), and thick-walled and unevenly spaced cysts with a density higher than that of water, whereas serous cystadenoma typically occurs in patients ≥60 years old and is located in the head of pancreas, with a small capsule (diameter, <2 cm), thin walls, and cysts with a density similar to that of water. Astral calcification is a typical characteristic of serous cystadenoma.
As compared with serous and mucinous cystadenoma, solid pseudopapilloma has a lower morbidity and accounts for 5% of cystic pancreatic tumors and 0.9-2.7% of primary pancreatic tumors (21) . Notably, 91% of these tumors occur during adolescence or in young women (average age, 28 years; male:female ratio, 1:9), and are often located in the head and tail of the pancreas (21) . As a benign or low-grade malignant tumor, solid pseudopapilloma requires surgical treatment (21) . CT examination showed large cystic, solid lesions (diameter, 2.5-25 cm; general diameter, >5 cm), which were often associated with bleeding within the tumor and enlarged reactive lymph nodes; 66.7% of cases demonstrated pleomorphic calcifications. On enhanced CT examination, the enhancement of the portal venous phase was elevated, as compared with the arterial phase. 
Intraductal papillary mucinous tumors account for 20% of cystic pancreatic tumors and 0.5-9.8% of primary pancreatic tumors (22) . These tumors are more frequent in elderly men with 87% occurring in the 60-70 year age range (4). They originate in the ductal epithelium and are divided into three types, namely main duct, branch duct and mixed. Branch duct intraductal papillary mucinous tumors most commonly occur in the uncinate process of the pancreas, and exhibit similarities with the main pancreatic duct type in terms of grape-like cysts, cystic masses and a dilated branch duct. CT scans of the main pancreatic duct type typically demonstrate diffuse main pancreatic duct or localized expansion, with surrounding pancreatic atrophy and papillary nodules within the pancreatic duct (4). Furthermore, multiple mural nodules, which are the solid components of tumors, expand into the main pancreatic duct and thus likely contribute to tumor malignancy (23) . Mixed lesions are associated with the main pancreatic duct and branches. In order to confirm the relative locations of cystic pancreatic tumors in the present study, MinIP and CPR techniques were applied, which may aid the differential diagnosis of these tumors. In particular, it is important that branch-type intraductal papillary mucinous and serous tumors are identified (24, 25) , as branch-type intraductal papillary mucinous tumors occur in older men and are characterized by a dilated pancreatic duct that communicates with the tumor. By contrast, serous cystadenoma often occurs in older women, without dilatation or communication with the pancreatic duct. Therefore, the differential diagnosis of cystic pancreatic tumors should consider gender, age, anatomical location, cavity size, number of cysts, wall thickness, wall nodules and duct morphology data.
The present study demonstrated that, as a non-invasive, convenient and widely applied imaging method, multi-slice CT can provide detailed information on pancreatic cystic lesions. Although cystic tumors demonstrate similar CT changes, this imaging technique facilitates a more accurate diagnosis of cystic pancreatic tumors and provides important information for their surgical management. As the sample size of the present study was small, future studies should be conducted with larger patient samples.
